The Nuss procedure is a minimally invasive surgical repair technique for pectus excavatum with fewer delayed complications compared to open procedures. We report the case of a 22-year-old man with deep pectus excavatum who developed vascular thoracic outlet syndrome after the Nuss procedure. Further evaluation demonstrated that the first rib was causing severe obstruction of the right subclavian artery. The patient showed clinical features of subclavian artery compression. A first rib resection, division of the anterior scalene muscle and fibrous bands provided complete relief of the complaints. The forced structural and spatial changes produced by the elevation of the depressed upper chest might have caused this complication. Vascular thoracic outlet syndrome should be kept in mind as a possible complication in patients who have undergone minimally invasive repair of pectus excavatum, and this complication can be treated by first rib resection.
INTRODUCTION
Pectus excavatum is a congenital chest wall deformity in which several ribs and the sternum grow abnormally, producing a concave, or caved-in appearance in the anterior chest wall [1] . It has been reported to be the most common chest wall deformity and is more common in men [1] . A minimally invasive technique to correct pectus excavatum was first performed in 1987 by Donald Nuss [2] . This minimally invasive correction consists of the placement under the sternum of a steel bar bent into the desired chest shape, by video-assisted thoracoscopic surgery. The bar is removed after a minimum of 2 years. This approach has shown excellent functional and cosmetic results [2] and has been performed on an increasing number of patients. However, complications, including a number of major early complications, such as heart perforation, pneumothorax and pleural effusion, have been reported to occur after minimally invasive repair [2] .
CASE REPORT
The minimally invasive Nuss procedure was performed in a 22-year-old male patient with pectus excavatum deformity. The Haller index measured on preoperative thoracic computed tomography was 4.7. The surgical correction was performed as described by Nuss [3] , with insertion of two bars. A stainless-steel stabilizer was placed on the left side of the upper bar, and lower bar was stabilized with 2-0 polydiaxanone sutures laterally at two points. The postoperative chest X-ray was normal, and the patient was discharged on the sixth postoperative day.
After 1 month, the patient presented at the out-patient clinic with pain in both arms. The right arm and hand were diffusely cold and weak, and we noticed that there was no right-sided radial pulse in the costaclavicular position and with the hyperabduction manoeuvre. The signs were mostly attributable to arterial compression, whereas there was no sign of venous occlusion. There was no hypoaesthesia or anaesthesia. Possible compression of the subclavian artery between the clavicle and the first rib was confirmed by arterial Doppler ultrasonography (Fig. 1 ). An anterograde magnetic resonance arteriogram of the subclavian artery demonstrated that the subclavian artery was occluded by the first rib during extension of the right arm (Fig. 2) . Filling of the subclavian artery was normal on computed tomography angiographic examination of the right upper extremity. The artery was partly compressed during right arm abduction and external rotation on its course between the clavicle and the first rib.
Non-steroidal anti-inflammatory therapy (i.e. ketorolac) did not alleviate the symptoms. In order to treat this complication, the first rib, anterior scalene muscle and all fibrous adhesions around the first rib were resected via an axillary incision under general anaesthesia. Postoperatively, the patient had no complaints. The right radial pulse was palpable and normal postoperatively. The patient was discharged after 3 days. He did well and had no complaints during the following 3 years. The bar was removed after 3 years without any complications and with an excellent cosmetic result.
DISCUSSION
The minimally invasive repair of pectus excavatum has been accepted as a 'state-of-the-art' procedure for this deformity [2] . Hebra et al. reported that the most common complication was bar displacement or rotation requiring reoperation (9.2%), whereas pneumothorax requiring tube thoracostomy was reported in 4.8% of patients [3] . Less common problems included infectious complications (2%), pleural effusion (2%), thoracic outlet obstruction (0.8%), cardiac injury (0.4%), sternal erosion (0.4%), pericarditis (0.4%) and pseudoaneurysm of the anterior thoracic artery (0.4%) [3] . Rarely encountered complications include thoracic outlet syndrome, pericarditis and blood loss requiring transfusion.
We report herein a rare case of an early mechanical complication associated with the Nuss procedure. The complication consisted of an acute obstruction of the right subclavian artery caused by the placement of the Nuss bar. Removal of the first rib with adhesions immediately resolved the compression. Removal of the bar would also have provided relief from the pathology.
Thoracic outlet syndrome that developed after the Nuss procedure has been reported by Lee et al [4] . The patient showed clinical signs of brachial plexus compression on postoperative day 3. The authors reported that they initially failed to persuade their patient to accept removal of the bar, because their patient was dissatisfied with his previous distorted body. As treatment, the authors removed the bar after 2 months. However, they reported that the claw-hand deformity did not improve [4] even after bar removal. In most cases of thoracic outlet syndrome, compression is shown to occur within the interscalene triangle. We considered that the interscalene triangle, the borders of which are the anterior and middle scalene muscles and the first rib, was influenced by the mechanical forces created by insertion of the bar. Lee and colleagues depicted the possible mechanism of thoracic outlet syndrome created by bar insertion [4] .
Perioperative mechanical compression of the vena cava has been reported in the literature to cause severe haemodynamic problems [5] . However, the bar itself was deemed to be responsible directly for the obstruction of the inferior vena cava.
In the Nuss procedure, the deformed costal cartilages and sternum are lifted by the pectus bar without any resection. The force needed to elevate the deformed costal cartilages and sternum is proportional to the depth of the chest wall deformity. When an unbearable complication develops following the Nuss procedure, the first possible resolution is to remove the bar. However, patients with severe chest wall deformities are usually reluctant to permit removal of the bar. For this reason, we performed surgery for the thoracic outlet syndrome rather than removing the bar. Consequently, our patient remained satisfied, and the bar was removed after 3 years with an excellent cosmetic outcome. Fortunately, our patient had never any neurological compressive symptoms.
To our knowledge, vascular thoracic outlet syndrome due to the Nuss opereration has not previously been reported in the literature.
Increasingly, the minimally invasive repair of pectus excavatum has been used as the procedure of choice, because it has the advantages of a smaller scar and is less invasive than cartilage resection-based procedures. The surgeon should be aware of thoracic outlet syndrome as a possible complication of the Nuss procedure.
